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fibroblast-like culture derived from the marine fish gilthead seabream (Sparus aurata) 101 was grown in sRPMI [RPMI-1640 culture medium (Gibco) with 0.35% sodium chloride 102 (to adjust the medium's osmolarity to gilthead seabream plasma osmolarity, 353.33 103 mOs), 100 I.U./ml penicillin (Flow), 100 μg/ml streptomycin (Flow), and 10% fetal 104 bovine serum (FBS, Gibco)] at 23°C , 5% CO 2 in 25 cm 2 culture flasks. Epithelioma 105 papulosum carpio (EPC) cells (ECACC 93120820, UK) were maintained at 23ºC in 106 DMEM 4.5 (Sigma) containing glutamine (2 mM; Gibco), piruvate (1 mM; Gibco), 107 fungizone (2 µg/ml; Gibco) and gentamicine (50 µg/ml; Gibco) and supplemented with 108 10% FBS. Both cell cultures, SAF-1 and EPC, were trypsinised (0.25% trypsin 0.25% 109 EDTA, Sigma), then washed twice in sRPMI or DMEM (400 g, 10 min, 23ºC), counted 110 in a Neubauer chamber and adjusted to 10 5 or 2 x 10 5 cells/ml, respectively. 111
One hundred µl of such cell suspensions were dispensed onto 96 flat-bottomed well 112
plates. Initial cell concentration for each cell line was chosen according to ECACC 113 instructions. Additionally, pilot studies were conducted. 114
One hundred µl of the bacterial cytoplasmic extracts were added in triplicate to the 115 wells to achieve a final concentration of 12.5, 25 and 50 µg/ml in PBS. The range of 116 concentrations was chosen based on previous studies with other cells lines and bacterial 117 strains. Controls consisted of wells with cells to which 100 µl of PBS had been added. 118
Plates were incubated for 4, 24, 48 or 72h at 23ºC and 5% CO 2 . 119
Proliferation assay 120
Cell proliferation was evaluated in vitro by means of the crystal violet assay as used in 121 other studies (Pessi et al., 1999) . Briefly, 100 µl of culture medium were removed from 122 each well and the same volume of Carnoy fixative was added. After 5 min, the entire 123 volume was removed and 200 µl of Carnoy were added for 10 min, the fixative was 124 6 removed and plates were air-dried and stained with 200 µl of 0.1% crystal violet 125 solution (Panreac) for 30 min at room temperature. The plates were washed 3 times 126 under tap water, carefully dried and the dye present inside cells solubilized with 100 µl 127 of a 10% methanol and 5% acetic acid solution. After shaking vigorously for 3 min, 128 absorbance at 570 nm was measured. 129
Flow cytometry: viability, apoptosis and necrosis assays 130
Induction of apoptosis in fish cell lines prompted by the cytoplasmic fractions of the 131 bacteria LDL or 51M6 was measured by a double staining flow cytometry assay using 132 fluorescein diacetate (FDA) and propidium iodide (PI) (Salinas et al., 2007) . Plates were 133 centrifuged (400 g, 10 min, 23ºC) and culture medium was removed prior to trypsine 134 treatment for 3 min at room temperature. Trypsinization was stopped by addition of 150 135 µl culture medium. Plates were centrifuged as before, the supernatants discarded and 136 200 µl fresh culture media was added to each well. Afterwards, 4 µl of FDA (50 µg/ml 137 in sRPMI, Sigma) and 10 µl PI (400 µg/ml in PBS, Sigma) were dispensed into each 138 well. Plates were incubated for 30 min (at 23ºC, 5% CO 2 ), samples collected into FACS 139 tubes and 300 µl of cold PBS added. Unlabelled samples were used as controls for 140 calibration. 141
Samples were acquired in a Coulter Epics XL flow cytometer (Beckman Coulter). 142
Analyses were performed on 5000 cells, which were acquired at a rate of 300 cells/s. 
Effects of probiotic bacteria cytoplasmic extracts on proliferation of fish cell lines 158
SAF-1 cells proliferation was significantly inhibited by LDL cytoplasmic fraction in a 159 dose dependent manner. The antiproliferative effect was significant at 4 and 24h when 160 the highest dose of protein cytoplasmic fraction was applied. Longer culture times (48 161 or 72h) revealed that SAF proliferation was significantly inhibited by all LDL 162 treatments, however 50 µg/ml LDL inhibition was significantly greater than the rest at 163 72h (Fig. 1a) . 164
Cytoplasmic fraction of 51M6 bacteria had a less marked effect on SAF-1 cell growth 165 compared to those obtained from LDL. In fact, SAF-1 proliferation was inhibited only 166 after 72h in culture regardless of the dose (Fig. 1b) . 167 EPC proliferation was inhibited by LDL cytoplasmic fraction at the highest assayed 168 dose (50 µg/ml) after 24h or more in culture, the greatest inhibition occurring after 72h, 169 when the number of cells present was less than 50% of the controls (mean ratio = 0.48) 170 (Fig. 2a) . At this time, 12.5 and 25 µg/ml of the cytoplasmic extract of LDL also 171 significantly inhibited EPC proliferation, but proliferation ratios were about 0.8. A 20% 172 decrease in proliferation was also recorded after 4h in contact with both 12.5 and 25 173 2a). 175
Cytoplasmic fraction of 51M6 only affected EPC proliferation at 4h being the inhibition 176 recorded only mild (proliferation ratios higher than 0.85) and not dose-dependent (Fig.  177   2b) . EPC proliferation was also inhibited after 72h in culture regardless of the dose. 178
Induction of apoptosis in fish cell lines by cytoplasmic fraction of probiotic bacteria 179
SAF-1 cells entered apoptosis in a dose-dependent manner after the addition of LDL 180 cytoplasmic fraction (Fig. 3a) . There were significantly more apoptotic cells in the 181 samples incubated with the 50 µg/ml dose for 48 and 72h. The intermediate dose (25 182 µg/ml) also resulted in apoptosis induction, but the result was only statistically 183 significant after 72h. At this time, the highest dose caused, approximately, 50% 184 apoptosis, which was over 5 times higher than that present in control samples and 2.5 185 times the value recorded for the 12.5 µg/ml treatment. The cytoplasmic extract of the 186 51M6 bacteria did not significantly induce apoptosis in SAF-1 cells. (Fig. 3b) . 187 EPC entered apoptosis when 50 µg/ml LDL were added to the cultures. Whereas no 188 effects were significant after 4h, apoptosis ratios were 2, 4 and 9 after 24, 48 or 72h, 189 respectively (Fig. 3c) . In absolute numbers, however, apoptosis was much lower than in 190 SAF-1 cells; with a peak mean apoptosis value of 11.2% after 72h. 191
All three 51M6 treatments resulted in a 2-fold increase in EPC apoptosis after 48h in 192 culture but the effect was not significant at any other time of the experiment (Fig. 3d) . 193
Induction of necrosis in fish cell lines by cytoplasmic fraction of probiotic bacteria 194
In SAF-1 cultures, necrosis also took place although total numbers of necrotic cells 195 never exceeded those of apoptotic cells. Neither 12.5 nor 25 µg/ml LDL resulted in 196 significant necrosis at any time. 50 µg/ml LDL, in turn, produced a 5-fold increase and 197 6-fold increase in necrosis after 48 or 72h in culture, respectively (Fig. 4a) . In total 198 9 numbers this meant that over 32% of SAF-1 cells were necrotic at the end of the 199 experiment when 25 µg/ml LDL was applied. 200 51M6 protein cytoplasmic fraction, at all the assayed doses, induced necrosis in SAF-1 201 cells after 48 and 72h, when it was between 3 and 4 times higher than in the controls 202 (Fig. 4b) . This represented between 13% and 18% of the total cell numbers, a 203 significantly lower value compared with the necrosis rate induced by LDL. 204
There were 4, 7 and 18 times more necrotic EPC cells after 24, 48 or 72h, in culture 205 with the cytoplasmic fraction of LDL (50 µg/ml), respectively (Fig. 4c) . In absolute 206 numbers, however, necrosis was always low; reaching a peak value of 6.7% of the total 207 cells at 72h. Lower doses had no effect and did not differ between each other. 208 51M6 treatments had no significant effect on necrosis of EPC cells at any of the assayed 209 doses or times (Fig. 4d) . 210 On the other hand, it is clear that the lactic acid strain, LDL, has stronger 241 antiproliferative properties than 51M6 on both cells lines, since shorter times and lower 242 doses sufficed to produce a significant inhibitory effect. This is in agreement with 243 available data from other LAB strains tested in mammalian cell lines which produced a 244 dose-dependent decrease in proliferation rates (Lee et al., 2004 ). Since 51M6 is present 245 on the fish natural environment, it is likely that a higher dose is needed due to 246 ecological adaptation or tolerance compared with an allochtonous probiotic bacteria. 247 apoptosis occurred after the inhibition of proliferation, as shown in our kinetics study. 249
Whereas the highest LDL dose decreased proliferation from the beginning to the end of 250 the trial, apoptosis was significantly increased only at 48 and 72h. At the end of the 251 experiment over 50% SAF-1 cells were apoptotic. EPC cells, on the other hand, were 252 more resistant, the highest apoptotic rate being 11%. 51M6 did not induce apoptosis in 253 Asterisks denote statistically significant differences (* p 0.05; ** p 0.005). 339 A c c e p t e d M a n u s c r i p t 
